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METHOD AND APPARATUS FOR 
TENSIONING COMPOSITE MATERIAL 

BACKGROUND 

1. Field 
The present invention relates to composite materials. More 

particularly, the invention relates to tensioning composite 
material during a curing process. 

2. Related Art 
Composite parts for use in airplanes and other applications 

may be made from braided preform composite material that 
undergoes forming and curing processes. Forming and curing 
processes may involve, for example, severing a piece of 
braided preform composite material from a mandrel; securing 
the material to a mold, such as a cure tool surface; impreg 
nating the material With resin; positioning an airtight lining, 
such as a cure bag, over the composite material and resin; 
creating a vacuum betWeen the airtight lining and the mold 
surface to compress the material and resin; and applying heat 
to the material, resin, and airtight lining. The mold may 
include a C-channel, typically comprising an elongated chan 
nel With a bottom Wall, an inner upWardly extending side 
Wall, and an outer upWardly extending side Wall. 

The C-channel can be curved in various planes, and the 
upWardly extending side Walls may be integrally formed or 
otherWise joined to the bottom Wall at 90° angles or non-90o 
angles. In one instance, the C-channel is curved along its 
length With the inner Wall formed along an inner radius of the 
curve and the outer Wall formed along an outer radius of the 
curve. When material is pressed against inner surfaces of the 
C-channel and then tensioned and compressed, undesirable 
Wrinkles or aberrations can form in the material. This is due to 
the difference in path lengths betWeen the material at the inner 
radius of the curve and the material at the outer radius of the 
curve. These Wrinkles are more pronounced closer to a side 
edge of the material along the inner radius. In a curved 
C-channel, Wrinkles typically form along the inner Wall. 

SUMMARY 

A method and apparatus for tensioning a material over a 
mold to eliminate the formation of Wrinkles, depressions, or 
other aberrations during vacuum compression is disclosed. 
According to this method, at least one tensioning fork is 
positioned against at least a portion of the material to exact 
tension on the material When force is applied to the tensioning 
fork. 

In various embodiments, the tensioning fork has a ?rst 
tapered leg, a second tapered leg, and a joining arm. The 
tapered legs each have a Wide end and a narroW end and are 
tapered in a generally conical manner. An elongated portion 
of each tapered leg may be generally ?at on one side. The 
joining arm spans the distance betWeen the ?rst tapered leg 
and the second tapered leg, such that the legs are ?xed sub 
stantially parallel to each other. At least one of the tapered legs 
is pivotally secured to the joining arm. 

The method of using the tensioning fork to tension material 
comprises the steps of forming material over a mold, such as 
a cure tool; positioning the ?rst tapered leg betWeen the mold 
and the material; and positioning the second tapered leg 
against a top face of the material. Next, the method comprises 
the steps of positioning a force-exacting component, such as 
an airtight lining, over the mold and material combination and 
exacting force on the second leg by compressing the force 
exacting component toWard the mold. This compression force 
urges the second leg to pivot toWards the mold, thereby press 
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2 
ing a portion of the material against the mold to tension the 
material disposed betWeen the ?rst leg and the second leg. 
The ?nal step of the method comprises applying heat to cure 
the material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described in 
detail beloW With reference to the attached draWing ?gures, 
Wherein, 

FIG. 1 is a perspective vieW of a front of a tensioning fork; 
FIG. 2 is a perspective vieW of a rear of the tensioning fork; 
FIG. 3 is a plan vieW of the tensioning fork; 
FIG. 4 is a rear vieW of the tensioning fork; 
FIG. 5 is a plan vieW ofa horizontal, cross-sectional seg 

ment of a material anchored to a mold, interposed betWeen 
tWo legs of the tensioning fork, and covered by an uncom 
pressed force-exacting component; 

FIG. 6 is a plan vieW ofa horizontal, cross-sectional seg 
ment of the material anchored to the mold, interposed 
betWeen the tWo legs of the tensioning fork, and covered by a 
compressed force-exacting component; 

FIG. 7 is a perspective vieW of the mold and further illus 
trating a C-channel of the mold With material disposed therein 
and tensioning forks positioned on opposing ends of the 
C-channel; 

FIG. 8 is a fragmentary, perspective vieW of the mold 
having the C-channel With material disposed therein and ten 
sioning forks positioned on opposing ends of the C-channel; 

FIG. 9 is an end vieW of the material positioned in the 

C-channel; 
FIG. 10 is a perspective vieW of a section of the material 

after it is cured and the tensioning fork is removed; and 
FIG. 11 is a fragmentary, top vieW of an alternative 

embodiment of the tensioning fork in Which a ?rst leg of the 
tensioning fork is integral With the mold. 

DETAILED DESCRIPTION 

Referring to FIGS. 1-7, the present invention is an appara 
tus comprising a tensioning fork 10 that may be used in a 
method of tensioning a material 12 over a mold 14. The 
tensioning fork 10 of the present invention is used to tension 
the material 12 via a method comprising the steps of forming 
the material 12 over the mold 14; positioning the tensioning 
fork 10 against the material 12; positioning a force-exacting 
component 16, such as a cure bag or airtight liner, over the 
mold 14 and material 12 combination; exacting a vacuum 
force to compress the force-exacting component 16 and mate 
rial 12 to the mold 14; and applying heat to cure the material 
12. 

Referring to FIGS. 1-4, the tensioning fork 10 comprises a 
?rst leg 18, a second leg 20, and a joining arm 22. The 
tensioning fork 10 may be made from high temperature 
TEFLON® or any suitably rigid material. The legs 18,20 are 
?xed substantially parallel by the joining arm 22. The ?rst leg 
18 and the second leg 20 may each be tapered from a Wide end 
24,26 to a narroW end 28,30. Referring to FIG. 1, the ?rst and 
second legs 18,20 are tapered in a generally conical shape. 
Referring to FIG. 2, an elongated portion of the ?rst leg 18 and 
the second leg 20 is substantially ?at. 
The diameters of the tapered legs 18,20 may be determined 

by the material area and density requiring tension. For 
example, if the material 12 needs 0.250" added tension, the 
maximum diameter of the ?rst leg 18 Would be about 0.250" 
to 0.270". The diameters at the narroW ends 28,30 of the 
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tapered legs may be as small as possible Without creating a 
point suf?ciently sharp to puncture the force-exacting com 
ponent 16. 

The joining arm 22 of the tensioning fork 10 is operable to 
alloW at least one of the legs 18,20 to pivot about the other leg 
22,20 along a length of the leg, as illustrated in FIG. 3. For 
example, in various embodiments, a pivot 32 at the Wide end 
24 of the ?rst leg 18 is rotatably attached to the joining arm 22, 
alloWing the second leg 20 to pivot 3600 about the ?rst leg 18 
With the direction of rotation, illustrated in FIG. 3, being 
about the length of the ?rst leg 18. The second leg 20 is 
uniformly spaced from the ?rst leg 18 throughout the 360° 
rotation due to the joining arm 22. 

Because the tensioning fork 10 is positioned on the mate 
rial 12 in the method of the present invention, a description of 
the material 12 and its positioning over the mold 14 is pro 
vided. The material 12 tensioned by the fork 10 is positioned 
over the mold 14, such that the material 12 has a bottom face 
34 oriented toWards the mold 14, a top face 36 oriented aWay 
from the mold 14, ?rst and second end edges 38,40, and ?rst 
and second side edges 42,44. Material 12 is commonly a 
composite material that is generally pliable, such as a braided 
preform. The mold 14 may be a cure tool, though other types 
of molds may be used. 

Referring to FIG. 7, the mold 14 includes a C-channel 46 
having a bottom Wall 48 and inner and outer upWardly extend 
ing side Walls 50,52. The C-channel 46 may be integrally 
formed or alternatively, formed from multiple individual 
mold pieces 54,56, as shoWn in FIG. 9. The individual mold 
pieces 54,56 may be interconnected by fasteners, Welding, or 
any method Well-knoWn in the art. The C-channel 46 is sub 
stantially curved, such that it forms inner and outer radii. The 
inner Wall 50 forms at an inner radius 58 of the curve and the 
outer Wall 52 forms at an outer radius 60 of the curve. 

The C-channel’s Walls 50,52 may be ?xed or positioned 
relative to the bottom Wall 48 of the C-channel 46 at 90° 
angles. Alternatively, as illustrated in FIG. 9, the C-channel’ s 
Walls 50,52 may be ?xed or positioned relative to the bottom 
Wall 48 of the C-channel 46 at non-90° angles. For example, 
the C-channel’s outer Wall 52 may intersect at a 60° angle 
With the bottom Wall 48 of the C-channel 46, While the 
C-channel’s inner Wall 50 may intersect With the bottom Wall 
48 ofthe C-channel 46 at a 120° angle. 

In operation, the tensioning fork 1 0 of the present invention 
is used in a method comprising the steps of forming the 
material 12 over the mold 14; positioning the tensioning fork 
10 against the material 12; positioning a force-exacting com 
ponent 16, such as a cure bag, over the mold 14 and material 
12 combination; exacting a vacuum force to compress the 
force-exacting component 16 and material 12 to the mold 14; 
and applying heat to cure the material 12. Referring to FIGS. 
5-8, the material 12 is ?rst formed to the mold by positioning 
the material 12 ?ush against the mold 14 and anchoring it to 
the mold 14 using anchoring devices 62, such as tape for 
anchoring braided preform composite material to a cure tool 
or any other suitable anchoring device for anchoring material 
to a mold 14. The anchoring devices 62 are positioned at 
opposing ends of the mold 14, although only one of the 
devices is illustrated in FIGS. 5-6. In various embodiments, 
the material 12 is positioned ?ush against the bottom Wall 48 
of the C-channel and the side Walls 50,52. The ?rst and 
second side edges 42,44 of the material 12 are adjacent to ?rst 
and second top edges 64,66 of the side Walls 50,52 respec 
tively. 

Next, the tensioning fork 10 is positioned against the ?rst 
side edge 42 of the material 12 proximate to the ?rst end edge 
38 of the material. The joining arm 22 of the tensioning fork 
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4 
10 is adjacent the ?rst side edge 42 and the legs 18,20 extend 
generally perpendicular to a length of the material 12. Thus, a 
portion of the material 12 is interposed betWeen the legs 18,20 
of the tensioning fork 10, as illustrated in FIG. 5. The second 
leg 20 is adjacent the top face 36 of the material 12, With the 
elongated ?at portion of the second leg 20 positioned ?ush 
against the material 12. The ?rst leg 18 is adjacent the bottom 
face 34 of the material and is interposed betWeen the mold 14 
and the material 12, With the elongated ?at portion of the ?rst 
leg 18 positioned ?ush against the mold 14. When the mate 
rial 12 is interposed betWeen the tensioning fork legs 18,20, 
the joining arm 22 traverses the thickness of either the ?rst or 
the second side edge 42,44. The ?rst leg 18 is positioned 
closer to the anchoring devices 62 than the second leg 20. 

Referring to FIGS. 7-8, a second tensioning fork 68 may 
also be positioned at the ?rst side edge 42 of the material 12. 
The second tensioning fork 68 is positioned proximate to the 
second end edge 40, opposite the tensioning fork 10 posi 
tioned proximate to the ?rst end edge 38, as illustrated in FIG. 
7. Both tensioning forks 10,68 tension the material 12 in an 
identical manner. 

The force-exacting component 16, such as a cure bag or 
airtight liner, is then positioned over the mold 14 and material 
12 combination. The force-exacting component 16 illustrated 
in FIGS. 5-6 is positioned over at least the top face 36 and all 
edges 38-44 of the material 12 and the tensioning fork 10. 
Each edge of the force-exacting component 18 may be sealed 
against the mold 14 outWard of the material 12 using a sealant 
70. 

Once the force-exacting component 16 is substantially 
sealed to the mold 14, a vacuum force removes air betWeen 
the mold 14 and the force-exacting component 16, thereby 
compressing the force-exacting component 16 and material 
12 to the mold 14. The force exacted by the force-exacting 
component 16 is suf?cient to hold the tensioning forks 10,68 
against the mold 14. The force exacted by the compressed 
force-exacting component 16 may be approximately 90 psi. 
When a force, such as compression force of a cure bag, is 

applied to the second leg 20 of the tensioning fork 10, the 
second leg 20 pivots inWardly and toWards the mold 14, 
pressing a portion of the material 12 against the mold 14. The 
?rst leg 18 is disposed betWeen the mold 14 and the material 
12, so at least part of the ?rst leg 18 protrudes outWard from 
the plane of the mold 14, creating a bulWark across Which the 
material 12 is tensioned. Therefore, during compression, the 
second leg 20 forces the material 12 toWards the mold 14 
While the ?rst leg 18 forces the material 12 aWay from the 
mold 14. Thus, the second leg 20 exacts force in one direction 
on the material 12 While the ?rst leg 18 exacts force on the 
material 12 in the opposite direction, thereby tensioning the 
material 12. 

In relation to the curved C-channel 46, the tensioning forks 
10,68 are positioned on the ?rst side edge 42 of the material 
12 adjacent to the inner Wall 50 of the C-channel 46. Because 
the C-channel 46 is curved, it has a shorter path length at the 
inner radius 58 and a longer path length at the outer radius 60. 
This results in excess fabric forming vertical Wrinkles or 
aberrations along the inner radius 58 of the curve during 
compression. Therefore, the tapered legs 18,20 provide ten 
sion closest to the ?rst side edge 42 of the material 12 along 
the inner Wall 50. More speci?cally, the Wide ends 24,26 exact 
a greater amount of tension at the ?rst side edge 42 of the 
material 12 adjacent the inner Wall 50, and the narroW ends 
28,30 exact a smaller amount of tension closer to the material 
12 adjacent the bottom Wall 48 of the C-channel 46, Where 
less additional tensioning is required. 
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After compression, heat is applied to the force-exacting 
component 16, the material 12, and the tensioning fork 10 
during a cure process. FIG. 10 illustrates a portion of the 
material 12 after it is cured using any curing method knoWn in 
the art. The cured material 12 is substantially rigid and shaped 
like the mold 14, including a ridge 72 formed by the tension 
ing fork 10. 

Although the invention has been described With reference 
to the embodiments illustrated in the attached draWings, it is 
noted that equivalents may be employed and substitutions 
made herein Without departing from the scope of the inven 
tion as recited in the claims. For example, the ?rst leg 18 of the 
tensioning fork 10 can be integral to the mold 14 as opposed 
to the fork 10 being a unitary, separate structure. Referring to 
FIG. 11, the ?rst leg 18 is a permanent mold feature and forms 
a bulWark or protuberance With the pivot 32 at one end to be 
rotatably attached to the joining arm 22. In this embodiment, 
the second leg 20 operates in the same manner as other 
embodiments described herein. 

Having thus described an embodiment of the invention, 
What is claimed as neW and desired to be protected by Letters 
Patent includes the folloWing: 

1. A tensioning apparatus operable to tension material the 
tensioning apparatus comprising: 

a tensioning fork including: 
a ?rst tapered leg having a Wide end and a narroW end; 
a second tapered leg having a Wide end and a narroW end, 

the second tapered leg being substantially parallel to 
the ?rst tapered leg; and 

a joining arm spanning a distance betWeen the ?rst 
tapered leg and the second tapered leg and secured to 
the Wide ends of the legs, the joining arm being piv 
otally secured to at least one of the tapered legs; 

a mold adjacent to at least a portion of an elongated section 
of the ?rst tapered leg, Wherein a material is disposed 
over at least a portion of the mold and the ?rst tapered 
leg, With the second tapered leg positioned against an 
outer face of the material; and 

a force-exacting component positioned over the tensioning 
fork and con?gured for urging the second tapered leg 
toWard said mold such that a portion of the material 
disposed betWeen the ?rst and second leg is pressed 
against the mold. 

2. The tensioning apparatus of claim 1, Wherein a portion of 
an elongated section of the ?rst leg and the second leg is 
substantially ?at. 

3. The tensioning apparatus of claim 1, Wherein the mold is 
a cure tool and the force-exacting component is an airtight 
liner sealed to the mold and con?gured to be compressed 
toWard the tensioning fork and the mold by vacuum force. 

4. The tensioning apparatus of claim 1, Wherein a curved 
C-channel is formed in the mold, the C-channel comprising a 
bottom Wall, an inner upWardly extending side Wall along an 
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6 
inner radius of the C-channel, and an outer upWardly extend 
ing side Wall along an outer radius of the C-channel. 

5. The tensioning apparatus of claim 1, Wherein the ?rst 
tapered leg is integral to said mold. 

6. A tensioning apparatus comprising: 
a tensioning fork, including, 

a ?rst tapered leg having a Wide end and a narroW end, 
a second tapered leg spaced a distance from the ?rst 

tapered leg and having a Wide end and a narroW end, 
and 

a joining arm spanning a distance betWeen the ?rst 
tapered leg and the second tapered leg and secured to 
the Wide ends of the legs, the joining arm being piv 
otally secured to at least one of the tapered legs; 

a mold adjacent to at least a portion of an elongated section 
of the ?rst tapered leg, Wherein a material is disposed 
over at least a portion of the mold and the ?rst tapered 
leg, With the second tapered leg positioned against an 
outer face of the material; and 

a force-exacting component for urging the second tapered 
leg toWard said mold, Whereby a portion of the material 
disposed betWeen the ?rst and second leg is pressed 
against the mold. 

7. The tensioning apparatus of claim 6, Wherein a portion of 
an elongated section of the ?rst tapered leg and the second 
tapered leg is substantially ?at. 

8. The tensioning apparatus of claim 6, Wherein the mate 
rial positioned over the mold and the ?rst tapered leg is 
braided preform composite material and the mold is a cure 
tool. 

9. The tensioning apparatus of claim 6, Wherein the force 
exacting component is an airtight liner operable to be com 
pressed by vacuum force. 

10. The tensioning apparatus of claim 6, Wherein the mold 
is substantially curved. 

11. The tensioning apparatus of claim 10, Wherein a curved 
C-channel is formed in the mold, the C-channel comprising a 
bottom Wall, an inner upWardly extending side Wall along an 
inner radius of the C-channel, and an outer upWardly extend 
ing side Wall along an outer radius of the C-channel. 

12. The tensioning apparatus of claim 11, Wherein the side 
Walls intersect With the bottom Wall at non-90o angles. 

13. The tensioning apparatus of claim 11, Wherein at least 
one tensioning fork is positioned adjacent to the material 
along the inner Wall of the C-channel. 

14. The tensioning apparatus of claim 6, Wherein the ?rst 
tapered leg is integral to said mold. 

15. The tensioning apparatus of claim 4, Wherein the 
upWardly extending side Walls intersect With the bottom Wall 
at non-90o angles. 

16. The tensioning apparatus of claim 4, Wherein the ten 
sioning fork is positioned adjacent the inner upWardly extend 
ing side Wall of the C-channel. 

* * * * * 


